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C. RESEARCH OBJECTIVES

The general objective of this research is to obtain, via remote sensing,
simultaneous measurements of the vertical distributions of stratospheric
temperature, ozone, and trace constituents that participate in the catalytic
destruction of ozone (NOy: NO, NO,, NO,, HNO,, C1O0NO,, N,0, HENO,; C1,: HOC1),
and the source gases for the catalytic cycles (H,0, CH,, %20, CF,C1,, CFC1,,
cc1,, CH,C1, CHF,C1, etc.). Data are collected during a complete giurnal cycie
in order to test our present understanding of ozone chemistry and its associate
catalytic cycles. The instrumentation employed is an emission-mode, balloon-
borne, liquid-nitrogen-cooled Michelson interferometer-spectrometer (SIRIS;,
covering the mid-infrared range with a spectral resolution of 0.020 cm™".
Cryogenic cooling combined with the use of extrinsic silicon photoconductor
detectors allows the detection of weak emission features of stratospheric
gaseous species. Vertical distributions of these species are inferred from
scans of the thermal emission of the limb in a sequence of elevation angles.

D. SUMMARY OF PROGRESS AND RESULTS

The fourth SIRIS balloon flight was carried out from Palestine, Texas on
September 15-16, 1986 with 9 hours of nighttime data (40 km). High quality
data, with spectral resolution 0.022 cm-1, were obtained for numerous limb
sequences. Fifteen stratospheric species have been identified to date from this
flight: five species from the N0 family (ENO,, NO, NO, C10NO,, N,0g), plus
co,, 0,, H,0, N,0, CH,, CCl1,F, ccl 2y CHF,C1, CF,, and CCl,. The nighttime
vafues of ﬂ;Os, %10N02, and total ojh nitrogen have been measured for the first
time, and compared to model results. Analyses of the diurnal variation of N,0¢
within the 1984 and 1986 data sets, and of the 1984 C10NO, measurements, were
presented in the literature.

The demonstrated ability of SIRIS to measure all the major NUy species, and
therefore to determine the partitioning of the nitrogen family over a continuous
diurnal cycle, is a powerful tool in the verification and improvement of

photochemical modeling.
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Abstract of Research Objectives:

This research aims to measure the stratospheric concentration profiles of a number of
trace gases involved in ozone photochemistry, using a high resolution Fourier transform
spectrometer, telescope, and stabilized pointing system (the FIRS-2 system) on a high
altitude balloon platform. Spectra are obtained at 0.004 cm~! resolution in the far-infrared
(70-220 cm~!) and the mid-infrared (350-700 cm™!), using the thermal emission of the
atmosphere itself as the spectral source. The research includes balloon flights with multi-
instrumented gondolas, with the objectives of increasing the number of simultaneously-
measured, related species, and of providing cross-checks among different measurement
techniques.

Summary of Progress and Results:

There have been three successful balloon flights of the FIRS-2 system, taking place in
October 1987, May 1988, and May 1989. The latter two flights also included the Jet
Propulsion Laboratory (JPL) FILOS instrument, which measures stratospheric OH and
several other species, on the gondola. A flight is currently scheduled for September 1989
including FIRS-2, FILOS, and the JPL BMLS instrument (for measuring ClO) on the
same gondola. The purpose of this flight is to obtain measurements simultaneous in time
and space of C10, HO2, and HOC, as a test of their close chemical relationship, in addition
to our usual species measurements.

Atmospheric molecules detected to date in spectra from FIRS-2 balloon flights include
OH, HO,, H;0 (including minor isotopic species and vibrational hot bands), O(*P), O;
(including minor isotopic species), O3 (including minor isotopic species and vibrational
hot bands), HCl, HF, HOCI, NOg, N,;0, HNOj3; and COs.

We have used FIRS-2 balloon flight spectra to obtain the first measurement of strato-
spheric HOC], including altitude profiles and their diurnal variation. We have made very
accurate determinations of the altitude profile of HO3, including nighttime measurements
and upper limits.
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